Background: Autoantibodies such as rheumatoid factor (RF) and anticitrullinated protein antibodies can be detected in rheumatoid arthritis (RA) sera. Objective: To determine the diagnostic values of RF, anticitrullinated protein antibodies, and the shared epitope (SE), and their associations with radiological progression rates and extra-articular manifestations. Methods: Population 1 consisted of sera from 315 patients, consecutively sent for detection of anticitrullinated protein antibodies, of which 264 were used to determine the sensitivity and specificity of RF and of antibodies against three synthetic citrullinated peptides: peptide A (pepA), peptide B (pepB), and CCP2. Population 2 consisted of sera from 180 longstanding RA patients and was used to determine associations of RA associated antibodies and the SE with radiological progression rates and extraarticular manifestations. Antibodies to pepA and pepB were detected by line immunoassay, and antibodies to CCP2 by ELISA. HLA Class II typing was performed by LiPA. Results: In population 1, we defined adapted cut offs corresponding to a specificity of >98.5%. This yielded the following sensitivities: RF 12.8%; anti-pepA antibodies 63.6%; anti-pepB antibodies 54.2%; and anti-CCP2 antibodies 73.7%. In population 2, significant differences in radiological progression rates were found between positive and negative patients for different RA antibodies and the SE. RF, but not anticitrullinated protein antibodies or the SE, were more frequent in patients with extra-articular manifestations. Conclusion: A valid comparison of RA associated antibodies shows superior sensitivity of the anticitrullinated protein antibodies compared with RF. The presence of RA associated antibodies and the SE are indicative for poorer radiological outcome, and presence of extra-articular manifestations is associated with RF but not with anticitrullinated protein antibodies.
R
heumatoid arthritis (RA) is a chronic inflammatory disease in which the peripheral joints are the primary sites of inflammation, often leading to destruction of these joints. Extra-articular manifestations (vasculitis, rheumatoid nodules) occur, especially in patients with longstanding RA. Although the precise aetiology of the disease remains elusive, there is strong evidence for autoimmunity, as several autoantibodies are associated with RA. Rheumatoid factor (RF) is detected in the majority of patients with established disease, and constitutes one of the American College of Rheumatology (ACR) classification criteria. 1 Another group of autoantibodies, including antiperinuclear factor, antikeratin antibodies, and antifilaggrin antibodies, was later shown to be more specific for RA. [2] [3] [4] [5] This group of antibodies targets epitopes in which arginine is converted by peptidylarginine deiminase into citrulline during a post-translational modification. [6] [7] [8] Therefore, this group of RA associated autoantibodies can be referred to as anticitrullinated protein antibodies. These antibodies can also be detected by more recently developed serological tests using synthetic citrullinated substrates. [5] [6] [7] One of these tests constitutes of an ELISA with a single cyclic citrullinated peptide (CCP) that has a three dimensional structure optimally recognised by the corresponding RA autoantibodies (anti-CCP1 antibodies). 9 10 A second generation anti-CCP ELISA claiming higher sensitivity and specificity due to optimalisation of the substrate is now also available. 11 12 Based on the results of epitope mapping of human natural filaggrin, molecular modelling, and computational chemistry, two synthetic citrullinated peptides (peptide A (pepA) and peptide B (pepB)) have been developed and are used in a line immunoassay based test. 6 All these assays for the detection of anticitrullinated antibodies claim to be very specific with a fairly high sensitivity. 5 6 9-12 Genetic studies have demonstrated that class II region genes, in particular HLA-DR-B1 alleles, appear to have a strong association with the disease. Multiple HLA-DR-B1 alleles encoding a conserved sequence at aminoacid positions 70-74 are associated with susceptibility and severity of RA. This conserved sequence is commonly known as the shared epitope (SE). The role of the SE in the evolution of articular destruction has yielded conflicting results; however, in most studies the presence of the SE is associated with increased joint destruction. [13] [14] [15] Radiographs of hands and feet are used to assess the structural damage in RA. Evidence shows that the radiographic progression occurs at a constant rate in the natural course of RA. [16] [17] [18] As this radiological damage is considered to be largely irreversible, especially outside the context of biological treatments, it represents a cumulative process of joint destruction over time. The availability of early, specific prognostic markers for RA is becoming increasingly important, as adequate therapy can halt the structural damage. 19 20 The aims of the present study were: (a) to compare the sensitivity and specificity of RF and antibodies to three different synthetic citrullinated peptides (pepA, pepB, and CCP2) for the detection of RA; (b) to investigate whether these autoantibodies and the SE are associated with the radiological progression rates in patients with established RA; (c) to evaluate whether the SE has an added value to the autoantibodies in the identification of patients with RA and higher radiological progression rates; and (d) to analyse the association of extra-articular manifestations (rheumatoid nodules and vasculitis) with autoantibodies and the SE.
PATIENTS AND METHODS

Study population 1
In order to determine the diagnostic value of different RA associated autoantibodies, sera of 315 patients with rheumatic inflammatory symptoms, seen at a non-academic rheumatology department (Elisabeth Hospital, SijseleDamme, Belgium), were consecutively sent to our laboratory for the detection of antibodies to citrullinated peptides. The blood samples were obtained in the context of a diagnostic investigation. Upon further follow up of this consecutive cohort, patients were classified as having RA if they were diagnosed with RA by the clinician and fulfilled the revised ACR criteria 1 ; a total of 118 patients (male to female ratio 41:77, median age 63.5 years (range 30 to 84), median disease duration 5.0 years (range 0.12 to 44)). There were 146 patients (male to female ratio 39:107, mean age 53.2 years (range 17-82)) diagnosed with a disease other than RA, designated as non-RA (osteoarthritis n = 25; polymyalgia rheumatica n = 25; systemic lupus erythematosus n = 17; spondyloarthropathy n = 9, others n = 70). The other 51 patients remained with uncertain diagnoses and were therefore not considered for further analysis.
Study population 2
To evaluate the association between RA associated antibodies and the radiological progression rate, 180 consecutive patients diagnosed with RA and fulfilling the revised ACR criteria, 1 who had a disease duration of at least 4 years, were followed at three Belgian rheumatology departments (University Hospital, Ghent; Elisabeth Hospital, SijseleDamme; and St Augustinus Hospital, Antwerp). None of the patients from population 1 was included in population 2. For each patient, we obtained blood samples and the following patient information: age, sex, ethnic origin, disease duration, and the presence of extra-articular manifestations (vasculitis or rheumatoid nodules) at any time during the evolution of disease. The male to female ratio was 51:129, median age was 62.6 years (range 30 to 80) and the median disease duration was 9.0 years (range 4 to 39). All patients were white. Joint damage progression, further designated as ''radiological progression rate'' was defined as the modified Larsen score divided by the disease duration in years. Radiographs were taken at the time of blood sampling, unless they had been taken within a period of ,6 months before inclusion. The Larsen score was determined on hand and foot x rays (scores between 0 and 160). The x rays were analysed by two independent readers blinded to the clinical and laboratory data. All patients were treated with classical disease modifying antirheumatic drugs such as methotrexate, gold salts, or sulfasalazine. None of the patients had received anti-TNFa treatment, other biologicals, or leflunomide. Oral informed consent was obtained.
Rheumatoid factor
For the detection of RF, an agglutination test using particles sensitised with human IgG was performed according to the manufacturer's instructions (Difco Laboratories, Detroit, MI, USA). Titres were converted to U/ml using a reference serum-to correct for interassay variation, and a sample was considered positive if RF >3.125 U/ml, further designated as the ''standard'' cut off.
Antipeptide A and antipeptide B antibodies Anti-pepA and anti-pepB antibodies were detected by a line immunoassay spotted with two peptides containing citrulline as described previously (prototype of INNO-LIA TM RA; Innogenetics, Ghent, Belgium). 6 The assay was performed according to the manufacturer's instructions. Serum samples were considered positive for anti-pepA and/or anti-pepB antibodies if the visually read intensity was greater than or equal to the cutoff intensity. Additionaly, in study population 2, the strips were also scanned using a HP Scanjet 5P scanner.
Anticitrullinated cyclic peptide antibodies
Anti-CCP2 antibodies were detected by a commercially available ELISA containing synthetic peptides (Immunoscan RA, mark 2; Eurodiagnostica, Arnhem, The Netherlands). The ELISA was performed according to the manufacturer's instructions. Serum samples with a test result .25 U/ml were considered positive, further designated as the ''standard'' cut off.
HLA typing by line probe assay technology DNA was extracted from whole blood samples and amplified using INNO-LiPA HLA-DRB or HLA-DRB1 decoder amplification kits (Innogenetics, Ghent, Belgium) as instructed by the manufacturer. The aminoacid sequences QRRAA, QKRAA, and RRAAA at positions 70-74 were considered to encode the SE sequence. For our analysis, we categorised each patient into one of three groups according to the presence of 0, 1, or 2 copies of the SE.
Statistical analysis
The statistical analyses were performed using SPSS 10.0. The sensitivities and specificities were calculated together with the 95% confidence interval (CI). A receiver operating characteristics (ROC) curve was generated by plotting sensitivity (y axis) against specificity (x axis). Sensitivities were compared using McNemar testing. Correlation was sought using Spearman's r correlation coefficients (r s ). In order to compare subgroups of RA patients who were positive or negative for the RA antibodies or the SE, Student's t test or Mann-Whitney U test, respectively, were used, and p,0.05 considered significant.
As an alternative, a different ''clustering technique'' was used to deduce the importance of combinations of parameters with respect to the radiological progression rate. Only three discrete parameters were considered for this clustering technique: RF (cut off >150 U/ml), anti-CCP2 antibodies (cut off >42 U/ml; representative for anticitrullinated protein antibodies), and the SE. Each parameter was scored as being either present or absent. The entire dataset contained 170 patients who were tested for all three parameters, and eight distinct combinations could be formed. Each combination had to contain at least 10 patients for generating a prediction.
RESULTS
Diagnostic value of RF and three assays to detect anticitrullinated protein antibodies in study population 1 Applying the standard cut offs, the sensitivities and specificities for the detection of RA, and the 95% confidence intervals of the different RA associated antibodies are given in table 1. As described in the table, anti-pepA and anti-pepB antibodies reached very high specificities: for anti-pepA, a specificity of 100% and sensitivity of 63.6%, and for antipepB, a specificity of 99.3% and sensitivity of 54.2%. In order to compare the sensitivities of the different RA associated antibodies, ROC curve analysis was performed and revealed the following ''adapted'' cut offs, corresponding to a specificity level of at least 98.5%: RF >150 U/ml and anti-CCP2 antibodies >42 U/ml. The sensitivities and specificities of the different serological parameters when applying the adapted cut offs, and their 95% confidence intervals, are summarised in table 1. At this high specificity level, the anticitrullinated protein antibodies yielded a statistically significant higher sensitivity compared with RF, which decreased to 12.8% (p,0.001).
Diagnostic value of combinations of RA associated autoantibodies in study population 1 Subsequently, we evaluated whether combining tests could upgrade the sensitivities for RA without lowering the specificity below 98.5%. Only two combinations of assays for the detection of anticitrullinated protein antibodies maintained the intended specificity level of at least 98.5%. Positivity for anti-pepA or anti-pepB antibodies yielded a sensitivity of 65.3% and a specificity of 99.3%. Positivity for anti-pepA or anti-CCP2 antibodies reached a sensitivity of 75.4% and specificity of 98.6%; however, the sensitivity of this combination was not significantly higher than the sensitivity of the anti-CCP2 assay alone (p = 0.5). As can be seen in table 2, 75.4% of the patients with RA in study population 1 showed reactivity against at least one of the citrullinated peptides. Moreover, the simultaneous presence of antibodies to two or three citrullinated peptides yielded specificities of 100%. All patients with RA and with only a single positive test (10.2%) revealed anti-CCP2 antibodies. There was no significant improvement in sensitivity when combining the RF with one or more assays for the detection of anticitrullinated protein antibodies. One combination (positivity for RF or anti-pepA antibodies) maintained a specificity of >98.5% with a sensitivity of 65.3%.
Sensitivities of RF and anticitrullinated protein antibodies in study population 2
The sensitivities of the anticitrullinated protein antibodies in the longstanding RA population (study population 2) were comparable with the sensitivities in study population 1.
In study population 2, the following sensitivities were reached: RF, 24.6% (95% CI 18.3 to 30.9%); anti-pepA, 57.8% (95% CI 50.6 to 65.0%); anti-pepB, 55.0% (95% CI 47.7 to 62.3%); and anti-CCP2, 65.7% (95% CI 58.7 to 72.7%). Again, a significant difference in sensitivity was observed between RF and anticitrullinated protein antibodies (p,0.001).
Relation of RF, anticitrullinated protein antibodies, and the SE with the radiological progression rate in study population 2 Radiological progression rates were expressed in Larsen units corrected for disease duration in years. Applying the adapted cut offs as defined in study population 1 revealed statistically significant differences in the mean radiological progression rates between the antibody positive and antibody negative groups in study population 2 (RF, p = 0.043; anti-pepA, p = 0.024; anti-pepB, p = 0.008; and anti-CCP2, p,0.001) (fig 1) .
The presence of the SE (single or double gene carriage of the SE) resulted in a significantly higher radiological progression rate (median 3.65 v 2.14, p = 0.009) compared with the absence of the SE. With regard to a possible gene dosage effect, both single and double gene carriage of the SE resulted in a higher median radiological progression rate compared with absence of the SE, and no statistically significant difference between double and single gene carriage of the SE was observed (single SE versus absence: 3.45 v 2.14, p = 0.040; double SE versus absence: 4.00 v 2.14, p = 0.036; single SE versus double SE: 3.45 v 4.00, p = 0.782; p values were corrected for multiple comparisons using the Bonferroni procedure) (fig 1) .
Levels of RF, anti-pepB antibodies, and anti-CCP2 antibodies correlated weakly but significantly with the radiological progression rates (r s = 0.249, p = 0.001; r s = 0.180, p = 0.016; r s = 0.268, p,0.001, respectively). No significant correlation was found for anti-pepA antibodies (r s = 0.127, p = 0.089). To evaluate whether we could define a cut off value for each assay that could differentiate between patients with the greatest erosion (defined as the 25% highest radiological progression rates) and those with the least (defined as the 75% lowest radiological progression rates), we performed ROC curve analysis and computed the area under the curve. The anti-CCP2 antibodies gave the highest area under the curve (0.595). However, this value was not sufficiently high to define a cutoff value with acceptable sensitivity and specificity in determining those patients with the most radiologically progressive RA.
As neither the dichotomous nor the continuous approach could be extrapolated for individual patients, we applied a different ''clustering'' technique to deduce the importance of combinations of parameters that could identify patients with the highest expectancy rate for the 25% highest radiological progression rate. Only three discrete parameters were considered: RF, anti-CCP2 antibodies (representative for anticitrullinated protein antibodies), and the SE. Eight distinct combinations were sorted spontaneously according to the presence or absence of these three parameters: RF (cut off >150 U/ml), the SE and anti-CCP2 antibodies (cut off >42 U/ml). As each combination had to contain at least 10 patients for generating a prediction, only four combinations had enough patients to be useful; these are given in table 3. The other four combinations were not considered for analysis. Table 3 shows that the simultaneous presence of RF, anti-CCP2 antibodies, and the SE is linked to the highest expectancy rate (40%) for high radiological progression rates for high radiological progression rates. Table 3 can be divided into three regions: low risk, with an average expectancy rate for high radiological progression rates of only 4.3%; medium risk, with an average expectancy rate of 24.7%; and high risk, with an average expectancy rate for high radiological progression rates of 40%, which is 10 times the expectancy rate of the low risk region in which all parameters are absent (low risk versus medium risk p = 0.064; medium risk versus high risk p = 0.246, low risk versus high risk p = 0.006; p values were corrected for multiple comparisons using the Bonferroni procedure). 
DISCUSSION
In the first part of the present study, we evaluated the diagnostic performances of RF detection and three assays for the detection of anticitrullinated protein antibodies in RA. To our knowledge, this is the first study to validate three different synthetic citrullinated peptides (CCP2, pepA, and pepB) together with RF on the same cohort of patients with inflammatory joint disease. We would like to highlight that we used the recently developed CCP2 peptides, which have replaced the CCP1 peptide in the Immunoscan RA assay. It needs to be emphasised that a valid comparison of the diagnostic value of the RA associated antibodies should be performed at an equal specificity level, determined on the same population. Therefore, we performed ROC curve analysis on a consecutive group of patients with inflammatory joint symptoms in order to define cut offs corresponding to a specificity level of at least 98.5%. At this high specificity level, the sensitivities ranged from 12.8% for RF to 73.7% for anti-CCP2 antibodies. The sensitivity of RF was significantly lower than the sensitivity of the anticitrullinated protein antibodies. Our findings confirm the data of Suzuki et al, who recently reported the superiority of anticitrullinated protein antibodies to RF in the diagnosis of RA. At a fixed specificity level of 90%, they found significantly higher sensitivities for anti-CCP2 antibodies and anti-filaggrin antibodies than for RF (84.2%, 72.5%, and 54.5% respectively). 12 In our present study, no final superiority could be found between the three synthetic peptides (pepA, pepB, CCP2). In the current patient population setting and at a specificity level of at least 98.5%, anti-CCP2 antibodies were more sensitive than anti-pepA antibodies (p = 0.008), which were in turn more sensitive than anti-pepB antibodies (p = 0.014). A second analysis in a longstanding RA population gave similar sensitivities for anticitrullinated protein antibodies, and confirmed that anticitrullinated protein antibodies have a superior sensitivity compared with RF.
As it has previously been described that not all patients with RA react against the same citrullinated epitopes, 2-4 6 21 22 we analysed whether combining anticitrullinated protein antibody detection methods could upgrade the sensitivities for RA without lowering the specificity. Of the patients, 75% showed anticitrullinated protein antibodies in at least one of the assays. However, this maximum sensitivity was not significantly different from the performance of the anti-CCP2 assay alone. Against two or more synthetic citrullinated peptides, 65% showed simultaneous reactivity, diagnosing RA with certainty (specificity 100%). Adding the result of RF testing also could not upgrade the diagnostic performance significantly. In the literature, the complementarity of RF to anticitrullinated protein antibodies is controversial. Some reports suggest that RF and anticitrullinated protein antibodies should be combined to reach optimum diagnostic properties, 6 9 10 22 23 whereas others find only little additional diagnostic value when combining RF and anticitrullinated protein antibodies. 21 The discrepancy can be explained by the fact that in the literature a stratification for specificity was not performed, and therefore, the results of different studies are not comparable. Further international discussion is warranted to answer the question of whether anticitrullinated protein antibodies should replace or complement RF in the future, especially as RF constitutes one of the revised ACR criteria for RA. 1 It is not only important to identify autoantibodies with high diagnostic performances (high sensitivity, specificity, present early in disease); the possible association with radiological evolution is also intriguing. In the second part of the present study, the relationship between antibodies to the three different synthetic citrullinated peptides, RF, the SE, and the radiological progression rate was studied in a cross sectional sample of patients with RA. As the radiological damage is highly dependent on the disease duration, we corrected the Larsen score for disease duration (radiological progression rate) to offer an alternative for a prospective study. Evidence has been given by several study groups that radiographic progression occurs in the majority of patients at a constant rate in the natural course of RA, certainly after a disease duration of at least 2 years (16-18, 22, 24) . As our RA cohort (study population 2) is a longstanding RA population with a median disease duration of 9.0 years (range 4-39), the effect of a more rapid radiological evolution in the early phases of disease will probably have evened out. We observed that dichotomisation based on the diagnostic performances of the RF, the three anticitrullinated protein antibodies, and the SE gave statistically significant differences in the mean radiological progression rates between the parameter positive and parameter negative groups. No significant difference was observed between single and double gene carriage of the SE. These data are comparable with the findings of other groups using a similar approach. 14 25-31 However, it needs to be emphasised that the results based on dichotomisation on group level cannot be extrapolated to individual radiological outcome, and are therefore not useful in everyday clinical practice. In order to overcome this problem, we further investigated whether appropriate cut offs could be determined to identify those patients with the most aggressive radiological course. Therefore, ROC curve analysis was applied on the levels of the different autoantibodies. However, the obtained areas under the curve were insufficient to retrieve cutoff values with reliable diagnostic performance for the 25% worst radiological progression rates. Because we saw a significant difference in mean radiological progression rates on the group level for RF, anticitrullinated protein antibodies, and the SE, we analysed whether combining RF, anti-CCP2 antibodies, and the SE could give more information on the individual level. A statistical clustering technique revealed that combining those parameters supplies more individual identification for the worst radiological progression rate than a single test alone. The presence of RF, the SE, and anti-CCP2 antibodies yielded a 10 times higher average expectancy rate for a high radiological progression rate compared with the absence of the three parameters. Vencovsky et al demonstrated recently that the combined occurrence of RF and anti-CCP antibodies is highly predictive for early erosions and more progressive disease. 31 Other previous studies have shown an additional prognostic value for radiological outcome when combining RF with the SE. 28 29 However, until now, no data were available concerning the triple combination including anti-CCP2 antibodies accounting for anticitrullinated protein antibodies. 25 In the third part of the present study, we evaluated the relationship between the RA associated antibodies, the SE, and the presence of vasculitis and/or rheumatoid nodules. The generally accepted positive relation of RF with extraarticular manifestations was confirmed in the longstanding RA population. 32 The low frequency of RF found in the group of patients with extra-articular manifestations can be ascribed to the high cutoff point used for RF positivity. In contrast, no association between antibodies to synthetic citrullinated peptides and extra-articular manifestations was observed. These findings are congruent with Bas et al, who previously described the absence of association with antikeratin antibodies. 26 Furthermore, we could not demonstrate a relationship between the SE (single or double gene carriage) and the presence of extra-articular manifestations. The literature concerning the association of the SE with rheumatoid nodules and/or vasculitis remains controversial (reviewed by Gorman et al 33 ) . The findings in our present study could add support to the existing evidence that RF and anticitrullinated protein antibodies are two separate autoantibody systems: (a) we observed a discrepant association of RF and anticitrullinated protein antibodies with extraarticular manifestations, and (b) we found a discrepant relationship between RF and anticitrullinated protein antibodies with the presence of the SE.
Considering the link between anticitrullinated protein antibodies and the SE, Hill et al recently demonstrated that the presence of citrulline within the HLA binding peptide enhances the peptide-MHC affinity and leads to the activation of CD4+ T cells in HLA-DRB1 0401 transgenic mice during presentation of citrullinated antigens. 34 It might thus be speculated that the citrullination status of a given protein may modulate the immune response against that antigen.
In conclusion, a valid comparison showed that assays based on synthetic citrullinated peptides (pepA, pepB, or CCP2) are superior to RF for the detection of RA. The presence of RA associated antibodies and/or the SE is indicative for a poorer radiological outcome. Extra-articular manifestations are associated with RF but not with anticitrullinated protein antibodies or SE.
